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VEHICLE DRIVING CONTROL DEVICE AND 
METHOD 

CROSS REFERENCES TO RELATED 
APPLICATIONS 

0001. This application relates to and incorporates herein 
by reference Japanese patent application no. 2001-27182 
filed on Feb. 2, 2001. 

BACKGROUND OF THE INVENTION 

0002 The present invention relates to a vehicle driving 
control device for controlling the driving conditions of a 
vehicle by control of the engine, or control of both the 
engine and a braking device, independently of the controls 
performed by the driver. 
0003) A conventional control device performs so-called 
adaptive cruise control (hereafter, Simply ACC), an example 
of which is disclosed in unexamined Japanese application 
(JP-A) No.7-47862. The conventional control device con 
trols a trailing vehicle to follow a leading vehicle while 
keeping a Safe distance between the vehicles. The control 
device computes a first target vehicle Speed, which is the 
Speed that is required to follow the leading vehicle. Then a 
target engine torque, which is the torque necessary to 
maintain the target vehicle Speed, is computed for generating 
a torque command representing the target engine torque for 
directing the driving Speed of the vehicle to the target 
vehicle Speed. 
0004) To compute the target engine torque from the target 
vehicle Speed according to the above-described control 
device, the basic torque of the engine is computed based on 
the current running resistance of the vehicle (rolling resis 
tance, air resistance, acceleration resistance, and hill-climb 
ing resistance, which is based on vehicle weight and road 
gradient), the gear ratio of the power train (the gear ratio of 
the transmission and differential gears), and the torque ratio 
of a torque converter. Furthermore, a correction of engine 
torque (correction torque) is computed from the deviation 
between the target vehicle Speed and the actual vehicle 
Speed. Then, the basic torque is corrected by the correction 
torque. 

0005. In the case of the conventional control device, 
therefore, the actual torque transmission characteristics of 
the torque converter will not be reflected in the target engine 
torque, which is the final control target. Also, it is impossible 
to Set an optimum target engine torque for achieving the 
target vehicle Speed during a transition period during which 
the engine Speed is being greatly changed by the engine 
torque control and there is significant Slippage in the torque 
COnVerter. 

0006 The conventional control device uses an instanta 
neous value of the torque ratio to represent the characteris 
tics of the torque converter when computing the basic torque 
of the engine. When the torque converter is locked by a 
lockup device and the engine is running at a steady Speed or 
when the torque converter is in a relatively stable State 
because of low slippage, a nearly proper basic torque is 
obtained. However, during a transition period when the 
engine Speed Substantially varies or when the torque con 
verter SlipS Significantly, the characteristics of the torque 
converter cannot be reflected in the basic torque require 
ment, and it is impossible to optimally Set the target engine 
torque. 
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0007 Furthermore, in the conventional control device, 
the target vehicle Speed is determined as the target of the 
ACC control, and the engine torque is Set based on the target 
vehicle Speed in performing engine control. Therefore, if an 
optimum target engine torque for achieving the target 
vehicle Speed could be Set, the acceleration of the vehicle 
resulting from the engine control would disturb the driver 
and other passengers. That is, according to the laws of 
motion, torque and acceleration (and deceleration) are pro 
portional, and the target engine torque and the acceleration 
(and deceleration) of the vehicle correlate. However, in the 
conventional control device, Since the target engine torque is 
based on the target vehicle Speed, which is an integral value 
of the acceleration (and deceleration) of the vehicle, it is 
impossible to Set a target engine torque that results in 
comfortable levels of acceleration. For example, when the 
target vehicle Speed is increased in response to acceleration 
of the leading vehicle, the trailing vehicle will be abruptly 
accelerated during a transition period until the target vehicle 
Speed is reached, which creates discomfort for the vehicle 
occupants. Since it takes time to accelerate the vehicle, the 
behavior of the vehicle will disturb the occupants. 

SUMMARY OF THE INVENTION 

0008. In view of the above-described problems inherent 
in known control devices, it is an object of this invention to 
provide a driving control device that is capable of acceler 
ating and decelerating a vehicle while giving the vehicle 
occupants a feeling of Smooth operation and to optimize the 
vehicle driving torque of the engine even during a transition 
period when the engine Speed greatly varies and when the 
Slippage of the torque converter is increasing. 

0009. To accomplish this object, a target tire operating 
torque computing means computes the target tire operating 
torque necessary to operate the vehicle at a predetermined 
running State on the basis of an input from a Sensor that 
detects the running condition of the vehicle. Then, a driving 
resistance estimating means estimates the driving resistance 
of the vehicle on the basis of an input from the sensor. 
0010. Then, target turbine torque computing means com 
putes the target turbine torque of the torque converter on the 
basis of the target tire operating torque, the computed 
driving resistance, and the gear ratio of the power transmis 
Sion train. A target engine operating condition computing 
means computes the target engine torque and the target 
engine Speed by a rule of control Set in accordance with the 
State of the lockup clutch on the basis of the computed 
turbine torque and the turbine Speed of the torque converter. 

0011. The engine control means controls the engine in 
accordance with the result of a computation by the target 
engine control target computing means So that the engine 
torque and the engine Speed will be directed to the target 
engine torque and the target engine Speed. 

0012. In the driving control device of the invention, the 
target tire operating torque of the vehicle, which is propor 
tional to the acceleration of the vehicle and not proportional 
to the target vehicle Speed, is a control target for controlling 
the vehicle, and the target engine torque and the target 
engine Speed are set on the basis of the target tire operating 
torque and the driving resistance. The term acceleration 
refers to acceleration or deceleration herein. 
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0013 The target tire operating torque computing means 
easily Sets the target tire operating torque Such that the 
acceleration of the vehicle will not disturb the vehicle 
occupants. Therefore, the target tire operating torque com 
puting means is a control target Setting means. 

0.014. If the target vehicle speed is set as a control target, 
as in the conventional driving control device, acceleration of 
the vehicle occurs when the target vehicle Speed is changed. 
These parameters are not proportional. Therefore, to pro 
duce acceleration of the vehicle Such that the vehicle occu 
pants will feel no abnormality at a preset target vehicle 
Speed, it is necessary to Sample the optimum realizable 
acceleration of the vehicle and to precisely Set, according to 
each vehicle driving condition, the operation characteristics 
of a target vehicle Speed Setting means on the basis of the 
Sampling. 

0.015. On the other hand, the acceleration C. of the 
vehicle, the tire operating force Ftire N occurring at the 
vehicle tires, and the driving resistance Fload N (air 
resistance, tire rolling resistance, resistance due to the road 
gradient, and the like), which are applied to the vehicle 
during running, the mass of the vehicle M1kg), and an 
equivalent mass M2kg for the inertia of rotating members 
of the vehicle, as shown in FIG. 1(a), can be expressed by 
the following equation (1) of vehicle motion. 

(M1+M2). Cl–Ftire--Fload (1) 

0016. From this equation, the acceleration C. of the 
vehicle is proportional to the Sum of the tire operating force 
Ftire, occurring at the vehicle tires, and the driving resis 
tance Fload (the driving resistance Fload is of a negative 
value). In this invention, because the target tire operating 
torque, which is computed to direct the vehicle to a prede 
termined driving condition, is derived from the current 
driving conditions of the vehicle, the target tire operating 
torque includes a torque component corresponding to the 
vehicle driving resistance Fload and a torque component 
corresponding to the tire operating force Ftire. As a result, 
the target tire operating torque is proportional to the accel 
eration C. of the vehicle. 

0.017. Therefore, the target tire operating torque at which 
the vehicle acceleration is easily controlled without disturb 
ing the vehicle occupants can be easily Set by the target tire 
operating torque computing means using a single control 
law applicable to all driving conditions. This can be accom 
plished by Setting, as a driving control target, the target tire 
operating torque of the vehicle, which is proportional to the 
acceleration of the vehicle. The target tire operating torque 
computing means can be tuned very easily as compared with 
the Setting means in the conventional driving control device. 

0.018 Furthermore, according to this invention, the target 
engine torque and the target engine Speed are computed by 
the target engine control target computing means for pro 
ducing the target tire operating torque. In the computation of 
these parameters, a control law that is Set in accordance with 
the State of a lockup clutch is used. 

0.019 According to this invention, therefore, each of 
these parameters can be optimized to account for the char 
acteristics of the torque converter. Unlike the conventional 
control device, therefore, it is possible to control the engine 
optimally. 
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0020. That is, in the conventional driving control device, 
an instantaneous value of the torque ratio is used to represent 
the characteristics of the torque converter when computing 
the target engine torque from the target vehicle Speed, which 
is the control target. Therefore, when the engine Speed has 
changed greatly or the torque converter Slips significantly 
because the lockup clutch is disengaged, the target engine 
torque corresponding to the control target cannot be Set. In 
the present invention, the control law, which has been Set 
according to the State of the lockup clutch, is used in Setting 
the target conditions (target engine torque and target engine 
Speed) of the engine from the target operating torque, which 
is the control target. Thus it is possible to Set the target 
engine torque and the target engine Speed in accordance with 
the condition of the torque converter. Accordingly, it is also 
possible to optimally execute the engine control procedure 
with the engine control means. 
0021. The driving control device in one aspect of the 
invention Sets the target engine torque and the target engine 
Speed and then controls the engine accordingly to produce 
the target tire operating torque that has been Set by the target 
tire operating torque computing means. In one form of the 
invention, the braking torque for decreasing the vehicle 
Speed is applied only by the engine brake, which results in 
leSS control during deceleration of the vehicle. 
0022. When a high degree of control, not only during 
vehicle acceleration but also during vehicle deceleration, is 
required, the driving control device preferably has the fea 
tures mentioned below. 

0023. In one form, the driving control device is designed 
to control a vehicle in which a braking device and the engine 
are controlled independently of the driver's operation. In 
Such a control device, like the driving control device men 
tioned earlier, the target tire operating torque computing 
means computes the target tire operating torque of the 
vehicle necessary to direct the vehicle to a specific driving 
condition on the basis of information received from Sensors 
that detect the driving conditions of the vehicle. A driving 
resistance estimating means estimates the driving resistance 
of the vehicle on the basis of the information from the 
SCSOS. 

0024. Then, a controlled system selecting means selects 
either one or both of the engine and the braking device as a 
controlled System or Systems on the basis of the tire oper 
ating torque and the driving resistance. When the braking 
device is Selected, a target braking torque computing means 
computes the target braking torque for computing the target 
braking torque on the basis of the target tire operating torque 
and the driving resistance. A brake control means controls 
the braking device to achieve the computed target braking 
torque. 

0025. According to the control device of this form of the 
invention, the target tire operating torque Set by the target 
tire operating torque computing means is a negative driving 
torque (in other words, a braking torque). When the target 
tire operating torque cannot be applied to the vehicle by the 
use of engine brake under the engine control, the braking 
device on the vehicle is driven to apply the target tire 
operating torque to reach the desired driving conditions. 

0026. In the control device of this form of the invention, 
when the engine is Selected as the controlled System, the 
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target engine torque and the target engine Speed are com 
puted, as described earlier, according to the State of the 
lockup clutch. 
0027. The target engine control target computing means 
computes the target engine torque and the target engine 
Speed in accordance with the State of the lockup clutch 
(engaged or disengaged), which allows these parameters to 
be optimized according to the characteristics of the torque 
converter. That is, the target engine control target computing 
means changes the control law used in the computation of 
the target engine torque and the target engine Speed accord 
ing to whether the lockup clutch is disengaged or engaged. 
When the lockup clutch is engaged, the target turbine torque 
and the turbine Speed of the torque converter are Set as the 
target engine torque and the target engine Speed. 

0028. On the other hand, when the lockup clutch is 
disengaged, a first target engine Speed computing means 
computes the target engine Speed on the basis of the target 
turbine torque and Speed and the torque ratio and capacity 
factor of the torque converter. Then, the slope of the change 
of the target engine Speed is computed by a target engine 
Speed slope computing means. Subsequently, a first target 
engine torque is computed by a first target engine torque 
computing means on the basis of the turbine Speed and the 
target engine Speed. A Second target engine torque is com 
puted by the Second target engine torque computing means 
on the basis of the target engine Speed slope and the inertia 
of rotating members of the engine. A third target engine 
torque computing means Serves to compute the target engine 
torque, which is the engine control target, on the basis of the 
first target engine torque and the Second target engine torque. 

0029. Accordingly, the target engine condition (the target 
engine torque and the target engine Speed) necessary to 
produce the target tire operating torque can be Set in accor 
dance with the characteristics of the entire power transmis 
Sion System, including the dynamic characteristics of the 
torque converter, to optimize the control of the vehicle. 

0030 The control law of the target engine control target 
computing means is determined by the following procedure. 

0031 First, as shown by example in FIG. 1(b), the power 
transmission System includes an automatic transmission, a 
torque converter, which transmits the rotation of the engine 
to the input shaft of the automatic transmission, and a 
differential gear, which transmits the rotation of the output 
shaft of the automatic transmission to the right and left 
driving wheels. 

0032. In this invention, the target turbine torque comput 
ing means computes the target turbine torque Tt, which is the 
output torque of the torque converter, on the basis of the 
target tire operating torque, the driving resistance, and the 
gear ratio of the power transmission train (to be specific, the 
transmission ratio of the automatic transmission and the 
differential gears). The target engine control target comput 
ing means, therefore, is required only to Set, in accordance 
with the power transmission characteristics of the torque 
converter, the engine torque Te and the engine Speed Ne 
necessary to produce the target turbine torque Tt. 

0033. On the other hand, the power transmission charac 
teristics of the torque converter differ between the engaged 
and disengaged States of the lockup clutch. 
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0034. When the lockup clutch is disengaged, the torque 
converter transmits the rotation of the engine to the auto 
matic transmission according to the power transmission 
characteristics of the torque converter. However, when the 
lockup clutch is engaged, that is, when the input shaft and 
the output shaft of the torque converter are coupled through 
the lockup clutch, the rotation of the engine is transmitted 
directly to the automatic transmission through the lockup 
clutch. 

0035. Therefore, it is understood that when the lockup 
clutch is engaged, the control law for Setting the target 
engine torque and the target engine Speed should Set the 
target engine torque and the target engine Speed Such that the 
target engine torque Te equals the target turbine torque Tt 
and Such that the target engine Speed Ne equals the target 
engine Speed Ne, which equals the turbine Speed Nt. 
0036) However, when the lockup clutch is disengaged, 
the rotation of the engine is transmitted to the automatic 
transmission through the torque converter. Therefore, when 
Setting the target engine torque and the target engine Speed, 
it is necessary to take the power transmission characteristics 
of the torque converter into consideration. 
0037. When the torque converter is operating steadily at 
a nearly constant engine Speed Ne, for example, during 
constant-speed driving, the engine torque Te can be 
expressed by the following equation (2), which refers to a 
capacity factor C(e) of the torque converter and the engine 
speed Ne. The turbine torque Tt is expressed by the follow 
ing equation (3), which refers to the torque ratio tr(e) of the 
torque converter and the engine torque Te. 

Te=C(e) Ne’ (2) 
Ti=tr(e) Te (3) 

0038 where the capacity factor C(e) and torque ratio tr(e) 
of the torque converter are functions of the speed ratio Nt/Ne 
of the torque converter. Substituting equation (2) in equation 
(3), the turbine torque Tt is expressed by the following 
equation (4). 

0039 Therefore, from equation (4), the target engine 
Speed Ne for producing the target turbine torque Tr can be 
determined on the basis of the target turbine torque Tr and 
the turbine speed Nt (the first target engine Speed computing 
means thus employs this relationship). 
0040. To set the target engine speed Ne from the target 
turbine torque Tt and the turbine speed Nt with the first 
target engine Speed computing means, a two-dimensional 
map, which is used to Set the target engine Speed Ne from 
these two parameterSTt and Nt, is predetermined to apply to 
the torque converter. The target engine Speed Ne may be 
determined by the use of this two-dimensional map. That is, 
it is possible to easily Set the target engine Speed by 
performing interpolation, in a well-known manner, using the 
two-dimensional map. 
0041) Next, the target turbine torque Te for producing the 
target turbine torque Tt is set according to equation (2). That 
is, the target engine torque Te can be set on the basis of the 
target engine speed Ne and the turbine speed Nt (the first 
target engine torque computing means employs this rela 
tionship). 
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0.042 Equation (2) expresses a relationship among the 
engine torque Te, the capacity factor C(e), and the engine 
Speed Ne when the torque converter is operating Steadily. 
However, when the engine Speed Ne is transient, for 
example, during vehicle acceleration, a torque fluctuation 
component must be included in equation (2) due to the 
change of the engine Speed Ne. 
0043. The torque fluctuation component can be expressed 
as a product of multiplication of the inertia Ie of the rotating 
members of engine and the differential (dNe/dt) of the 
engine Speed Ne. Therefore, the target engine torque Te for 
realizing the target turbine torque Tt is given by the follow 
ing equation (5). 

0044) In one aspect of this invention, the slope of the 
target engine Speed, which corresponds to the differential 
(dNe/dt) of the engine speed Ne, is computed by the target 
engine Speed slope computing means. The Second target 
engine torque computing means computes the Second target 
engine torque, which corresponds to the engine torque 
fluctuation component, on the basis of the slope of the target 
engine Speed and the inertia of the rotating members of the 
engine. Furthermore, the third target engine torque comput 
ing means determines the final target engine torque to be 
used to control the engine on the basis of the Static target 
engine torque (the first target engine torque) given by the 
first target engine torque computing means and the dynamic 
target engine torque (the Second target engine torque) given 
by the Second target engine torque computing means. 
004.5 The control laws for the computation of the target 
engine torque and the target engine Speed by the target 
engine control target computing means have been explained. 
Some vehicles are equipped with a lockup clutch that not 
only can be engaged and disengaged, but also can be 
changed to a half-engaged State by a known lockup slippage 
control procedure. When the present invention is to be 
applied to Such a vehicle, it is desirable that, in addition to 
the above-described two kinds of control laws, a control law 
should be set for computing the target engine torque and the 
target engine Speed when the lockup clutch is in the half 
engaged position. 

0046) To accomplish this, in another aspect of the inven 
tion, it is recommended that the target engine control target 
computing means be provided with a Second target engine 
Speed computing means for computing the target engine 
Speed on the basis of the turbine Speed and the amount of 
Slippage of the lockup clutch when the lockup clutch is 
disengaged or is held in the half-engaged position under 
lockup Slippage control. 
0047 The reason for the provision of the second target 
engine Speed computing means will be explained below. 
0.048 First, there are two kinds of lockup slippage con 

trol: an acceleration lockup Slippage control and a decelera 
tion lockup Slippage control. 
0049. The acceleration lockup slippage control reduces 
the slippage of the torque converter by controlling the 
difference between the engine Speed and the turbine Speed to 
about 50 to 100 rpm and improves fuel economy by improv 
ing the efficiency of power transmission when the lockup 
clutch is half-engaged within a range in which the lockup 
clutch cannot be directly engaged. 
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0050. The range in which the lockup clutch cannot 
directly be engaged is generally the low range of vehicle 
speed (e.g., 60 km/h or lower). Within this range, if the 
lockup clutch is directly engaged, unnatural Sounds, transfer 
of engine vibration, longitudinal Shaking of the vehicle 
on-off operation of accelerator, and the like may occur. 
0051. On the other hand, the deceleration lockup slippage 
control causes the lockup clutch to operate in a half-engaged 
position within the low Speed range, So that the difference 
between the engine Speed and the turbine Speed will be about 
50 to 100 rpm. As a result, the fuel economy will be 
improved. 
0052. In either of the acceleration lockup slippage control 
procedures, the engine Speed Ne and the turbine Speed Nt are 
computed to control the lockup clutch engaging force Such 
that the difference between these speeds will be directed to 
a specific value (i.e., the amount of Slippage, due to which 
NexNt in acceleration lockup slippage control and Ne<Nt in 
deceleration lockup slippage control). 
0053. The acceleration lockup slippage control procedure 
will be explained below by way of example. 
0054 When the acceleration lockup slippage control is 
normally executed, the difference between the engine Speed 
Ne and the turbine speed Nt (Ne-Nt) is controlled to the 
Specific amount of slippage A(A=50 to 100 rpm). 
0055 Considering that, under the condition given above, 
the normal engine Speed Ne is 1500 rpm or greater, the Speed 
ratio of the torque converter (Nt/Ne) is given by the follow 
ing equation (6), and the capacity factor of the torque 
converter at this time can be approximated as Zero. 

Nt?Ne=(1500-100)/1500=93% (6) 

0056. Therefore, the torque to be transmitted from the 
engine to the automatic transmission is the transmission 
torque T1 of the lockup clutch, which will present no 
problem in practical use. 

0057. On the other hand, let Tin (Tin-C(e)-NE) be the 
input torque of the torque converter as shown in FIG. 1(b), 
and the motions of the engine, torque converter, and lockup 
clutch in the Slippage lockup conditions will be given by 
equations (7) and (8). 

0.058 Since the capacity factor C(e) can be approximated 
as Zero, as described above, the input torque Tin will be Zero 
in equations (7) and (8). Furthermore, in the steady State, the 
target engine speed slope (dNe/dt) in equation (7) also will 
become Zero. Consequently, equations (7) and (8) will 
simplify to Te=Tl and Tt=Tl respectively. 
0059 Consequently, the engine torque Te, the transmis 
Sion torque Tl of the lockup clutch, and the turbine torque Tt 
will become equal (Te=Tl=Tt). 
0060. Therefore, when the lockup clutch is engaged or is 
held in the half-engaged position by the lockup Slippage 
control, the target turbine torque may be set as the target 
engine torque. Therefore it is unnecessary to provide a 
control law for Setting the target engine torque. 
0061. On the other hand, the lockup slippage control 
controls the lockup clutch engaging force F1 to direct the 
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difference between the engine speed Ne and the turbine 
Speed Nt to the Specific amount of Slippage A. Therefore, 
when the lockup clutch is controlled to be in the half 
engaged State by the lockup slippage control, the target 
engine Speed Ne can be calculated from the turbine Speed Nt 
and the amount of Slippage A of the lockup clutch. 
0062) To be more specific, when acceleration lockup 
Slippage control is being executed, the target engine Speed 
Ne is given by Ne=Nt +A. When deceleration lockup slip 
page control is being executed, the target engine Speed Ne 
can be given by Ne=Nt-A. 
0.063. In one aspect of the invention, when the lockup 
clutch is half-engaged position by the lockup slippage 
control procedure, the target engine Speed is computed by 
the Second target engine Speed computing means on the 
basis of the turbine Speed and the amount of slippage of the 
lockup clutch. 
0064. In one aspect of the invention, therefore, the target 
engine torque and the target engine Speed can be optimized 
in accordance with the State of the torque converter. In this 
manner, it is possible to optimize the engine control of a 
vehicle that performs lockup Slippage control. 
0065. The engine control means executes engine control 
on the basis of the target engine torque and the target engine 
Speed, which have been determined by the target engine 
control target computing means. At least one of the target 
fuel injection quantity and the target throttle angle is com 
puted as the controlled variable of the engine on the basis of 
the target engine torque and the target engine Speed. It is 
recommended, therefore, that the engine be controlled in 
accordance with the computed controlled variable. 
0.066 The driving control device of this invention is 
applicable not only to adaptive cruise control (ACC), which 
is for controlling a vehicle to follow a leading vehicle, but 
to controls other than ACC, such as vehicle stability control 
(hereafter simply VSC) for stabilizing a vehicle during a 
turn, braking slippage control (hereafter simply ABS (Anti 
lock Brakes)) for limiting wheel slippage while braking, 
acceleration slippage control (so-called traction control, 
hereafter simply TRC) for limiting vehicle wheel slippage 
during acceleration, and constant-speed driving control 
(hereafter simply constant-speed CC (Cruise Control)) for 
constant-speed driving. 

0067. A plurality of driving control devices for executing 
Such driving controls are often mounted on one vehicle. If, 
however, this invention is applied to every vehicle-mounted 
driving control device, it is conceivable that the target 
engine torque and the target engine Speed, or the target brake 
torque, will be set by each control procedure if a plurality of 
driving control are executed at the same time, and the 
controlled variables for actual engine or brake control will 
not be optimized. 

0068. Furthermore, in such a case, there will be comput 
ing means for computing the target engine torque, the target 
engine Speed, or the target brake torque by each driving 
control device. Therefore, there will be much waste, which 
adds to the cost of the vehicle. 

0069. Therefore, in one aspect of this invention, the target 
tire operating torque computing means is provided with a 
computing block for computing a target tire operating torque 

Aug. 8, 2002 

for accomplishing various different driving control proce 
dures (the driving control procedures described above). 
From among a plurality of target tire operating torques 
inputted from various computing blocks, which correspond 
to the various control procedures, the target tire operating 
torque that has the highest priority under the current vehicle 
driving conditions is Selected as the final target operating 
torque to be used for control according to predetermined 
conditions. 

0070 That is, according to the driving control device of 
this invention, a plurality of driving control procedures, Such 
as ACC, VSC and ABS, can be accomplished by a single 
driving control device. The driving control device of this 
invention, therefore, Simplifies the control System and 
reduces vehicle cost compared with a vehicle that has a 
plurality of driving control devices for respectively execut 
ing the various driving control procedures. 
0071. Furthermore, in the target tire operating torque 
computing means, the highest priority target tire operating 
torque is Selected from the target tire operating torque 
determined by a plurality of computing blocks for the 
respective control procedures. It is therefore possible to 
efficiently Set the control target of the engine, or the engine 
and braking device, and to employ the control target without 
a response delay. 

0072 Furthermore, another aspect of the invention is an 
integral control device for integral control of the vehicle 
operation. The computing block that computes the target tire 
operating torque for every driving control procedure can be 
independent of other computing blocks. It is therefore easier 
to design the control device, which lowers costs. 
0073. The target tire operating torque computing means 
Selects the highest priority target tire operating torque. 
However, when the computing block that has the highest 
priority changes, the target tire operating torque will Sud 
denly change. Therefore, in another aspect of the invention, 
when a new target tire operating torque is Selected, the target 
tire operating torque computing means will preferably cor 
rect the newly Selected target tire operating torque to create 
a Smooth transition between the old target tire operating 
torque and the new target tire operating torque. 
0074 The target tire operating torque computing means 
is provided, as Stated above, with a plurality of computing 
blocks for computing the target tire operating torque for 
various kinds of driving control procedures. Thus, in another 
aspect of the invention, one of the computing blockS is 
preferably for estimating the target tire operating torque 
needed by the driver on the basis of the position of the 
accelerator pedal and the vehicle Speed. It is preferred that 
further computing blocks be for VSC, ABS, TRC, constant 
speed CC, and for ACC, respectively. 
0075 That is, in this aspect of the invention, the target 

tire operating torque computing means includes a computing 
block, in addition to the computing blocks for performing 
various driving control procedures, for executing driving 
control based on the accelerator position. The driving con 
trol device is thus capable of optimally controlling the 
vehicle operation and of responding to the driver's demands. 
0076. The target turbine torque is computed in the pro 
ceSS for Setting the final engine control variable from the 
target tire operating torque. In the computation of the target 
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turbine torque, the driving resistance of the vehicle is used, 
in addition to the target tire operating torque and the gear 
ratio of the power transmission train, for the following 
CaSO. 

0077. The target tire operating torque is computed as the 
torque required for gaining a desired operation State assum 
ing that the vehicle has a predetermined weight and is 
running on a flat road. However, the driving resistance Fload 
shown in FIG. 1(a) varies with changes in the road gradient 
Such as upward and downward Slopes and with changes in 
the weight of the vehicle. Therefore, in the computation of 
the target turbine torque, if the driving resistance Fload 
varies, it is necessary to correct the torque component of the 
target tire operating torque corresponding to the driving 
resistance Fload for the purpose of achieving the desired 
driving condition. 
0078 If such a correction is automatically performed by 
the first computing block to achieve the target tire operating 
torque on the basis of the driver's operation of the accel 
erator, the vehicle will respond the same way to the position 
of the accelerator regardless of the road gradient and the 
vehicle weight. Generally, however, the behavior of a 
vehicle normally varies when the road gradient or the weight 
changes. Thus, the driver, when perceiving changes in the 
road gradient or vehicle weight, will change his or her 
driving. Therefore, automatic correction of the driving resis 
tance in relation to the target tire operating torque that relates 
to the accelerator position is Sometimes disturbing to the 
driver. 

0079 Thus, preferably, at least when the target tire oper 
ating torque based on the accelerator position has been 
Selected as the final target tire operating torque by the target 
tire operating torque computing means, the target turbine 
torque computing means computes the target turbine torque 
on the basis of the Selected target tire operating torque and 
the gear ratio of the power transmission train. Also, in this 
case, the driving resistance is preferably not used in the 
computation of the target turbine torque. 
0080. In another aspect of the invention, the target tire 
operating torque computing means is provided with a com 
puting block for computing the target tire operating torque 
for ACC. Using the computing block, the target acceleration 
computing means computes the target acceleration of the 
vehicle necessary to follow the leading vehicle, on the basis 
of an input fed from the front recognition Sensor, which 
detects the leading vehicle. The target acceleration is con 
verted to the target tire operating torque by a conversion 
means, to Set the target tire operating torque necessary to 
follow the leading vehicle. 
0081. Therefore, according to another aspect of the 
invention, the acceleration of the trailing vehicle can be 
optimally controlled, which allows the trailing vehicle to 
follow the leading vehicle, while keeping a proper distance 
between the two vehicles. 

0082 The correction of the target tire operating torque is 
computed on the basis of the target acceleration and the 
actual acceleration of the vehicle by the torque correction 
computing means, to correct the current target tire operating 
torque by the given correction and to Set the final target tire 
operating torque. 
0.083. The torque correction computing means is prefer 
ably constructed to evaluate at least a deviation between the 
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target acceleration and the actual acceleration of the vehicle 
and an integral of this deviation. The torque correction 
computing means preferably Sums values obtained by mul 
tiplying the deviation and the deviation integral by a pro 
portionality constant and an integration constant (so-called 
proportional integral control action) to compute the torque 
correction. 

0084. In engine control and brake control, it is a general 
practice to set an upper limit (or a lower limit) for controlled 
variables of the engine and the braking device. Therefore, 
the engine control means, or both the engine control means 
and the brake control means, may include limiting means for 
performing this task. 

0085. However, if the limiting means is added to the 
engine control means (or the engine control means and the 
brake control means), the torque correction computing 
means will Sometimes operate to increase the deviation 
integral by the proportional integral control action when the 
limiting means is functioning. 

0086. After the deviation integral is updated in a manner 
that increases the controlled variable, the controlled variable 
will remain greater than the upper limit for Some period if 
the relationship of great and Small between the target accel 
eration and the actual acceleration of the vehicle is reversed. 
In this State, the actual acceleration of the vehicle will 
continue, giving the vehicle occupants a feeling that Some 
thing is abnormal. 

0087 Asimilar situation occurs when a device controlled 
by the control variable of the engine (or of the braking 
device) has reached a physical limit. That is, for example, 
when the engine brake is Selected to decelerate the vehicle, 
an engine braking force is produced by, for example, closing 
the throttle valve. At this time, when the actual deceleration 
does not reach the target deceleration although the throttle 
valve is fully closed (i.e., when the throttle valve has reached 
a physical limit), the deviation integral will be updated in a 
manner that causes the controlled variable to exceed a value 
corresponding to the physical limit due to the proportional 
integral control procedure. Therefore, even when the target 
acceleration becomes positive, the throttle valve will be held 
fully closed for Some period, which delays acceleration and 
gives the passengers a feeling of abnormality. 

0088. Therefore, in one aspect of the invention, when the 
torque correction computes the torque correction by the 
proportional integral control procedure, and when the engine 
control means (or the engine control means and brake 
control means) is provided with limiting means for Setting a 
limit on the control variable or when the engine (or the 
braking device) has a physical limitation, it is preferred to 
provide the conversion means with a deviation integration 
prohibiting means for prohibiting the deviation integral 
value from being updated in a manner that would cause the 
control variable to Surpass the Set limit or to Surpass a value 
corresponding to the physical limit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0089 FIG. 1 is a diagram illustrating an equation of 
motion of a vehicle and a vehicle path; 
0090 FIG. 2 is a block diagram illustrating one embodi 
ment of a driving control device; 
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0.091 FIG. 3 is a functional block diagram illustrating 
control steps executed by each ECU of the driving control 
device of FIG. 2; 
0092 FIG. 4 is a flowchart representing steps executed 
by a target operation force computing Section of FIG. 3; 
0093 FIG. 5 is a flowchart illustrating steps executed by 
an engine control target computing Section of FIG. 3, 
0094 FIG. 6 is a map used to determine a target engine 
Speed Ne from a target turbine torque Tt and a turbine Speed 
Nt; 

0.095 FIG. 7 is a map used to determine a throttle angle 
TVO from a target engine torque Te and a target engine 
Speed Ne; and 
0.096 FIG. 8 is a flowchart illustrating steps executed by 
a target operation torque computing Section, the Steps of 
which are represented in FIG. 3. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0097 Embodiments of this invention will hereinafter be 
explained with reference to the accompanying drawings. 
0098. The vehicle driving control device of this embodi 
ment is for integrated control of an engine 2, an automatic 
transmission 4, and brakes 6 of right and left driving wheels 
4c (rear wheels) and right and left idler wheels 5 (front 
wheels), which are components of a device for controlling 
the driving condition of the vehicle (a rear-wheel-drive 
vehicle 9 in this embodiment). A differential 4b transfers 
torque from the automatic transmission 4 to the rear wheels 
4C. The driving control device is equipped with an engine 
ECU 20 for controlling the engine 2, an ATECU 30 for 
controlling the automatic transmission 4, which includes a 
lockup clutch 10 of a torque converter 8, and a brake ECU 
40 for controlling the braking device 6 of each wheel 
through a brake actuator (brake ACT) 12. Furthermore, a 
manager ECU 50 provides a control guideline for each of the 
engine, the ATECU and the brake to each of the ECUs 20, 
30 and 40. 

0099] The ECUs 20, 30, 40 and 50 are independent 
electronic control units, each having proceSS devices 20a, 
30a, 4.0a and 50a and each including a microcomputer. The 
ECUs 20, 30, 40 and 50 incorporate built-in communica 
tions devices 20b, 30b, 40b and 50b, respectively, which are 
mutually connected through data communication lines L. 
Mutual transmission and reception of driving control data 
are effected through the communication devices 20b, 30b, 
40b and 50b and the communication lines L. 

0100. The engine ECU 20, the ATECU30, and the brake 
ECU 40 control the engine 2, the automatic transmission 4, 
which includes the lockup clutch 10, and the brake ACT 12 
(and accordingly, the braking device 6 of each wheel), 
respectively. Therefore, the ECUs 20, 30, and 40 are pro 
vided with built-in signal input-output sections 20c, 30c, and 
40c for receiving detection Signals from the Sensors that 
detect the conditions of the controlled systems and for 
Sending command Signals to the brake ACT 12 and actuators 
that are incorporated into the engine and the automatic 
transmission 4. 

0101 Sensors for detecting vehicle driving conditions are 
mounted on the vehicle 9. The sensors include a vehicle 
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wheel Speed Sensor 14 for detecting the rotational Speed of 
each vehicle wheel (wheel speed), an acceleration sensor (G 
sensor) 16 for detecting the acceleration of the vehicle 9, a 
yaw rate Sensor 18 for detecting the angular Velocity around 
the central axis of the vehicle 9, and a front recognition 
Sensor 19 for detecting a leading vehicle and detecting the 
distance between the vehicles. The detection Signals from 
the sensors 14, 16, 18 and 19 are sent to the manager ECU 
50. The manager ECU 50 receives the detection signals 
through the Signal input Section 50c. 
0102) The following describes the steps performed by the 
ECUs 20, 30, 40 and 50. The manager ECU 50, which is 
shown in FIG. 3, executes five target operation torque 
computing sections 52, 54, 56, 58 and 60. These sections 
correspond to target operation torque computing means for 
computing the target operation torque of the vehicle 9 on the 
basis of the detection signals fed from the Sensors (the 
vehicle wheel speed sensor 14, the G sensor 16, the yaw rate 
sensor 18, the front recognition sensor 19, and the like), 
which detect the vehicle driving conditions. 
0103) Of the five target operation torque computing sec 
tions 52 to 60, the first target operation torque computing 
Section 52 corresponds to a first computing block that 
computes the target operation torque requested by the driver 
on the basis of the position of the accelerator pedal and the 
vehicle Speed. 
0104. The Second target operation torque computing Sec 
tion 54 corresponds to a Second computing block that 
computes the target operation torque for Vehicle driving 
stability control (VSC). The third target operation torque 
computing Section 56 is for computing the target operation 
torque for performing slippage control (ABS and TRC) for 
restraining wheel Slippage during braking and during vehicle 
acceleration. The third target operation torque computing 
Section 56 corresponds to third and fourth computing blockS. 
0105 The second and third target operation torque com 
puting sections 54 and 56 constantly monitor the vehicle 
driving conditions on the basis of Signals from the Sensors 
and determine and output a target operation torque for 
preventing vehicle Skidding and wheel slippage. 
0106 The fourth target operation torque computing sec 
tion 58 computes a target operation torque for constant 
Speed driving control (constant-speed CC) when the vehicle 
driving mode has been Set by the driver to a constant-speed 
driving mode. The fourth target computing Section corre 
sponds to a fifth computing block. 
0107 The fifth target operation torque computing section 
60 computes the target operation torque for controlling the 
vehicle 9 to follow a leading vehicle when the vehicle 
driving mode has been set to the ACC mode by the driver. 
The fifth computing section 60 corresponds to a sixth 
computing block. 
0108. The target operation torques computed by the tar 
get operation torque computing Sections 52 to 60 are Sent to 
a target operation torque Selecting Section 62, which is 
shown in FIG. 3. 

0109 The target operation torque selecting section 62 
Selects, from among the plurality of target operation torques, 
the highest priority target operation torque as the target 
operation torque to be used in driving control, according to 
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the current vehicle driving condition and in accordance with 
preset conditions when the various target operation torques 
are computed Simultaneously at the target operation torque 
computing Sections 52 to 60. The Selected target operation 
torque is Sent to a target operation force computing Section 
64, which is shown in FIG. 3. 

0110. In the target operation torque Selecting Section 62, 
a correction is set on the basis of the difference between the 
newly Selected target operation torque and the previously 
Selected, or existing, target operation torque, So that the 
target operation torque Sent to the target operation force 
computing Section 64 will not Suddenly change when the 
Selected target operation torque changes Significantly from 
the previous target operation torque. Thus the newly Selected 
target operation torque is corrected, and the correction is 
gradually decreased, to provide a Smooth transition between 
the new target operation torque and the old target operation 
torque. 

0111. The target operation force computing section 64 
converts the target operation torque Selected by the target 
operation torque Selecting Section 62 into a target operation 
force (target operation force Ftire). For example, the target 
operation force Ftire is computed according to the flowchart 
shown in FIG. 4. 

0112 That is, the target operation force computing Sec 
tion 64 decides, at step 110, whether or not the target 
operation torque Selected by the target operation torque 
Selecting Section 62 is the target operation torque required by 
the driver and determined by the first target operation torque 
computing section 52. This is to determine whether it is 
necessary to correct the target operation torque. 

0113) If the target operation torque selected by the target 
operation torque Selecting Section 62 is the target torque 
requested by the driver, it is determined that the target 
operation torque needs no correction, and Step 140 is per 
formed. If the target operation torque is not the target 
operation torque required by the driver, it is determined that 
the driving resistance needs to be corrected, and Step 120 is 
performed. 

0114. At 120, the driving resistance is computed on the 
basis of the vehicle Speed and the road gradient by a driving 
resistance estimating means. After this step, the target opera 
tion torque is corrected, at Step 130, based on the driving 
resistance. Then, Step 140, in which the target operation 
force Ftire is computed from the target operation torque, is 
performed. 

0115 That is, the target operation torques determined by 
the target operation torque computing Sections 52 to 60 
control the vehicle acceleration to a value Suitable for the 
current vehicle driving conditions. Therefore, each target 
operation torque includes a driving resistance component. 
To accurately determine the operation force required to 
produce the Suitable acceleration value from the target 
operation torque, it is necessary to reduce, or correct, the 
target operation torque by a value corresponding to the 
driving resistance, before converting the target torque into 
the target operation force. 

0116. In the target tire target operation torque computing 
Section 64, basically, the driving resistance is computed at 
Step 120, and the target operation torque is corrected at Step 
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130. Then, at step 140, the target operation torque is con 
verted to the target operation force. 
0117 Of the target operation torques determined by the 
target operation torque computing sections 52, 54, 56, 58 
and 60, the target operation torque based on the position of 
the accelerator pedal directly reflects the driving torque 
requested by the driver. Therefore, if the correction based on 
the driving resistance (step 130) is always performed on 
each of the target operation torques, the behavior of the 
vehicle 9 in relation to the driver's accelerator operation will 
not vary despite changes in the road gradient and the vehicle 
weight. Thus, the driver might not notice changes in the road 
Surface and the vehicle weight. 
0118. In the target operation force computing section 64, 
therefore, when the target operation force is determined 
from the target operation torque, the type of the target 
operation torque is determined at Step 110. If, the target 
operation torque is that requested by the driver (from the first 
target operation torque computing Section 52), no correction 
based on the driving resistance is performed. 
0119) Next, the target operation force generated by the 
target operation force computing Section 64 is sent to a 
system selecting section 66, which is shown in FIG. 3. The 
System Selecting Section 66 is for Selecting any of the engine 
2, the automatic transmission 4, and the braking device 6 as 
the system or systems that will be used to control the 
operation force to the target operation force. For example, 
when the value of the target operation force is positive (i.e., 
a driving force) for accelerating the vehicle 9, the braking 
device 6 is not needed. Therefore, the engine 2 and the 
automatic transmission 4 will be selected as the Systems 
used in the driving control procedure. 

0120 When the value of the target operation force is 
negative (i.e., a braking force) for decelerating the vehicle 9, 
the System used for the driving control procedure is deter 
mined on the basis of the magnitude of the braking force, by 
determining whether the braking force should be produced 
by the engine brake, the braking device 6, or a combination 
of the engine brake and the braking device 6, or by down 
shifting the automatic transmission 4. The System Selecting 
Section 66 forms a System Selecting means. 
0121 Upon selecting the system or systems to be used in 
the driving control procedure, the System Selecting Section 
66 Sends a command to determine the control target to the 
corresponding control target computing Section or Sections 
associated with the Selected System or Systems (engine 
control target computing Section 70, AT (automatic trans 
mission) control target computing Section 68, and brake 
control target computing Section 72). For example, a com 
mand for the operation force to be produced by the engine 
2 and the braking device 6 is given to the engine control 
target computing Section 70 and the brake control target 
computing Section 72, and a down-shift command is given 
to the AT control target computing Section 68. 
0122) Next, the AT target computing section 68 computes 
the target Speed of the automatic transmission 4, the target 
Speed change time, which is the target time for the Speed to 
reach the target Speed, and the State of the lockup clutch 10 
(engaged or disengaged) or the target amount of slippage for 
controlling the lockup Slippage. This computation is per 
formed in response to a command from the System Selection 
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Section 66 and information Such as the engine Speed and the 
engine torque, which comes from the engine control target 
computing Section 70. The result of computation is sent to 
the ATECU 30. 

0123. The ATECU 30 is provided with a solenoid com 
mand output Section 32, which computes a command value 
that is Sent to a shift control Solenoid incorporated in the 
automatic transmission 4 and to a Solenoid for driving the 
lockup clutch 10 on the basis of a command (target shift 
Speed, target shift time, target Slippage, etc.) from the AT 
control target computing Section 68. The Solenoid command 
output Section 32 generates a driving Signal corresponding to 
the computed command value and Sends the driving Signal 
to the Solenoids of the automatic transmission 4 and the 
lockup clutch 10, to control the shift speed of the automatic 
transmission 4 and the engagement State or the amount of 
Slippage of the lockup clutch 10. 
0.124. Next, the engine control target computing Section 
70 computes an engine control target according to the 
flowchart shown in FIG. 5. In this procedure, the engine 
control target computing Section 70 computes the target 
engine torque and the target engine Speed necessary for 
producing the operation force according to a command from 
the System Selecting Section 66. 

0125 That is, at step 210 of FIG. 5, the target axle torque 
is computed from the operation force instructed by the 
System Selecting Section 66. At Step 220, the target turbine 
torque Tt, or target output torque, of the torque converter is 
computed from the target axle torque and the gear ratio of 
the power transmission train (the gear ratio of the automatic 
transmission 4 is given by the AT control target computing 
section 68). 
0126. At step 230, the engagement state of the lockup 
clutch 10 is read from the AT control target computing 
section 68. This determines whether the lockup clutch is 
disengaged. When the lockup clutch 10 is disengaged, a 
series of steps from step 240 to step 280 are carried out to 
compute the target engine torque Te and the target engine 
Speed Ne in accordance with a control law that applies when 
the lockup clutch is disengaged. 

0127. That is, when the lockup clutch 10 is disengaged, 
at Step 240, a process is executed by the first target engine 
Speed computing means for computing the target engine 
speed Ne on the basis of the target turbine torque Tt 
determined at step 220 and the turbine speed Nt gained from 
the AT control target computing Section 68 by using the map 
shown in FIG. 6. At step 250, a target engine speed slope 
computing means computes the Slope, or gradient, of the 
change in the target engine speed Ne (corresponding to 
dNe/dt in equation (5)) from a plurality of target engine 
Speeds Ne previously computed at various times from Step 
240. 

0128. At step 260, a process is executed by a first target 
engine torque computing means for computing the first 
target engine torque Tel, which corresponds to the Second 
term on the right side of equation (5), on the basis of the 
target engine Speed Ne and the turbine Speed Nt determined 
at step 240. Furthermore, at step 270 a process is executed 
by a Second target engine torque computing Section for 
computing the Second target engine torque Te2, which 
corresponds to the first term on the right Side of equation (5), 
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on the basis of the slope of the change (dNe/dt) in the target 
engine speed Ne determined at step 250 and the inertia Ie of 
the engine rotating members. 
0129. Then, at step 280, a process is executed by a third 
target engine torque computing means, to compute the final 
target engine torque Te by adding the first target engine 
torque Tel determined at Step 260 and the Second target 
engine torque Te2 determined at step 270, and this ends the 
proceSS. 

0130. At step 230, when the lockup clutch 10 is deter 
mined to be engaged (an engaged position or a half-engaged 
position according to the lockup slippage control), Step 290 
is performed. In step 290, the AT control target computing 
Section 68 determines whether or not lockup Slippage con 
trol is being performed. 

0131) Then at step 290, when it is decided that the AT 
control target computing Section 68 is performing lockup 
Slippage control, Step 300 is performed by a Second target 
engine Speed computing means. At Step 300 the target 
engine Speed Ne is computed by Subtracting the amount of 
slippage A of the lockup clutch 10 from the turbine speed Nt. 
At Step 310, the target turbine torque Tt is Set as the target 
engine torque Te, and then the process Stops. 
0.132. Furthermore at step 290, when it is decided that 
lockup Slippage control is not being performed by the AT 
control target computing Section 68 (i.e., when the lockup 
clutch 10 is engaged), at step 320, the turbine speed Nt is set 
as the target engine speed Ne. At the Subsequent step (step 
340), the target turbine torque Tt is set as the target engine 
torque Te, and then the proceSS Stops. 
0133) The process of step 240 to step 280, step 300, step 
310, step 320 and step 340 correspond to a target engine 
control target computing means. A target turbine torque 
computing means corresponds to Step 210 and Step 220, 
which are performed by the engine control target computing 
section 70, and by the system selecting section 66, which 
gives a command to the target operation force computing 
Section 64 regarding the operation force to be produced by 
the engine control So that the target operation force will be 
computed from the target operation torque. Also, the System 
Selecting Section 66 issues a command to the engine control 
target computing Section 70 based on the target operation 
force. 

0134) Next, the target engine torque and the target engine 
Speed determined by the engine control target computing 
Section 70, as previously described, are Sent to the engine 
ECU 20, or the engine control means. 
0135) The engine ECU 20 is provided with the following: 
the engine control variable computing Section 22, which 
computes the controlled variable (in the present embodi 
ment, the target throttle angle TVO) of the engine 2 for 
directing the engine to the target engine torque and the target 
engine Speed received from the engine control target com 
puting Section 70; a controlled variable limiting Section 24, 
which limits the target throttle valve position, or angle TVO, 
computed by the engine control variable computing Section 
22 to the Specific upper limit value or less to prevent the 
vehicle 9 from running away, which might otherwise be 
caused by a malfunction of the control System; and an 
actuator command output Section 26, which computes a 
command value for driving a throttle actuator of the engine 
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in accordance with the target throttle angle TVO the upper 
limit of which is limited by the controlled variable limiting 
Section 24, and outputs a driving Signal corresponding to a 
command value to the throttle actuator. 

0.136 The engine control variable computing section 22 
computes the target throttle angle TVO from the target 
engine torque Te and the target engine Speed Ne according 
to the map of FIG. 7, which is stored in the engine ECU 20. 
0.137. On the other hand, the brake control target com 
puting Section 72 computes the target brake torque generated 
at the braking device 6 of each wheel, to produce the 
operation force commanded by the System Selecting Section 
66 by the use of the braking device 6 of each wheel. 
0.138. In the present embodiment, the function of the 
target brake torque computing means is accomplished by the 
brake control target computing Section 72, the target opera 
tion force computing Section 64, which computes the target 
operation force from the target operation torque, and the 
System Selecting Section 66, which commands the operation 
force to be produced by brake control to the brake control 
torque computing Section 72 on the basis of the target tire 
driving-baking force. 
0139 Next, the target brake torque computed by the 
brake control target computing Section 72 is sent to the brake 
ECU 40, or the brake control means. 
0140 Incorporated in the brake ECU 40 are a brake 
controlled variable computing Section 42, which computes 
the controlled variable of the brake (more particularly the 
brake oil pressure) for generating the target brake torque at 
the braking device 6 of each wheel, a controlled variable 
limiting Section 44, which prevents Sudden brake applica 
tion, which might otherwise be caused by a malfunction of 
the control system by limiting the brake controlled variable 
computed by the brake controlled variable computing Sec 
tion 42 to a specific upper or lower limit, and a brake ACT 
command outputting Section 46, which computes a com 
mand value for driving the brake ACT12 in accordance with 
a brake controlled variable, the upper limit of which is 
limited by the controlled variable limiting section 44. The 
brake ACT command outputting device outputs a driving 
Signal, which corresponds to the command value, to the 
brake ACT 12. 

0.141. In the present embodiment, the controlled variable 
limiting Sections 24 and 44 incorporated in the engine ECU 
20 and the brake ECU 40, respectively, are limiting means. 
0142. In the vehicle driving control device of the present 
embodiment, as explained above, the manager ECU 50 
executes a plurality of target operation torque computing 
Sections 52 to 60, which compute the target operation torque 
demanded by the driver and a plurality of target operation 
torques for performing various kinds of driving control 
operations. From among the target operation torques deter 
mined by the target operation torque computing Sections 52 
to 60, the highest priority target operation torque is Selected. 
Furthermore, using the target operation force determined 
from the Selected target operation torque, a controlled SyS 
tem (or Systems) to be used for driving control is Set, and the 
operation force to be produced by each controlled System is 
allocated. 

0143. Therefore, according to the driving control device 
of the present embodiment, a plurality of driving control 
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procedures, such as ACC, VSC, ABS, and the like, can be 
accomplished by using a Single driving control device. 
Therefore, unlike a vehicle having a plurality of driving 
control devices for executing Such driving control proce 
dures, it is possible to Simplify the control System and to 
reduce costs. Furthermore, the manager ECU 50 compre 
hensively determines the demand from each driving control 
procedure to Set the System to be used in the control 
operation. Therefore, the vehicle driving control operation is 
efficient. 

0144) Furthermore, the engine control target computing 
section 70 estimates the condition of the lockup clutch 10 in 
Setting the target engine torque and the target engine Speed 
from the operation force to be produced by the engine 
control process. Then, the target engine torque and the target 
engine Speed are computed in accordance with procedures 
(control laws) separately set by each of the conditions 
(disengaged, engaged, and half-engaged conditions) of the 
lockup clutch 10. 
0145 According to the present embodiment, therefore, it 
is possible to Set optimum values of target engine torque and 
target engine Speed according to the power transmission 
characteristics of the torque converter 8. The operation force 
demanded in performing the engine control can be reliably 
produced. 

0146) Next, the operation of the target operation torque 
computing Section 60 will be explained. 
0147 FIG. 8 is a flowchart showing a process for com 
putation of the ACC target operation torque. The proceSS is 
executed in the target operation torque computing Section 
60. 

0.148. As shown in FIG. 8, at the start of this process, at 
Step 410, detection data representing the distance between 
leasing and trailing vehicles is read from the front recogni 
tion sensor 19. At step 420, a process is performed, based on 
the detection data, to compute the target acceleration Ca 
necessary to follow the leading vehicle. At step 430, the 
target operation torque necessary for driving the vehicle 9 at 
the target acceleration Oa is determined at Step 420 from the 
target acceleration Cla. 

0149 Furthermore, at step 440, the current acceleration 
(actual acceleration)CO of the vehicle 9 is computed on the 
basis of a detection signal from the G Sensor 16. At a 
Subsequent step (step 450), the deviation between the actual 
acceleration Co and the target acceleration C.a (given at Step 
420) is computed. 
0150. Next, at step 460, through the process of the control 
value limiting Section 24, which is performed by the engine 
ECU 20, or the process of the control value limiting section 
44, which is performed by the brake ECU 40, it is deter 
mined whether the engine control variable (the throttle valve 
angle TVO in this embodiment) or the brake controlled 
variable (the brake oil pressure) has been limited or has 
reached a physical limit. Based on this determination, it is 
determined whether there is a need to limit the deviation 
integral in the following manner. When any one of the 
following conditions has been established, a demand will be 
issued to limit the deviation integral. 

0151 (1) The actual acceleration is less than the target 
value although the engine 2 has been Selected by the System 
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Selecting Section 66, the target acceleration is in a positive 
state, and the throttle valve angle TVO has reached the upper 
limit value. 

0152 (2) The absolute value of the actual acceleration is 
less than the absolute value of the target value although the 
engine 2 has been Selected by the System Selecting Section 
66, the target acceleration is in a negative State, and the 
throttle valve angle TVO has reached a fully closed position. 
0153 (3) The absolute value of the actual acceleration is 
greater than the absolute value of the target value although 
the braking device 6 has been selected by the system 
Selecting Section 66, the target acceleration is negative, and 
the braking pressure has reached Zero. 
0154 (4) The absolute value of the actual acceleration is 
less than the absolute value of the target value although the 
braking device 6 has been Selected by the System Selecting 
Section 66, the target acceleration is in a negative State, and 
the braking pressure has reached the upper limit value. 
0155. When there is a demand to limit the deviation 
integral at Step 460, an acceleration deviation integral lim 
iting flag is set at step 470. Then, step 490 is performed. 
When there is no need to limit the deviation integral at step 
460, the acceleration deviation integral limiting flag is reset 
at step 480. Then, step 490 is performed. 
0156. At step 490, when the acceleration deviation inte 
gration limiting flag has been reset, the deviation integral 
value is computed (or updated) based on the acceleration 
deviation computed at step 450. On the other hand, when the 
acceleration deviation integration limiting flag is Set, the 
deviation integral value is updated based on the acceleration 
deviation only if the acceleration deviation computed at Step 
450 would not cause the controlled variable to go beyond the 
limits of conditions (1)–(4). 
0157 Next, at step 500, a correction with respect to the 
target operation torque is computed by multiplying the 
acceleration deviation determined at step 450 by a propor 
tionality constant and then by multiplying the updated 
deviation integral value (or that prohibited from being 
updated) at step 490 by an integral constant. Then, the 
resulting products are Summed. 
0158 Finally at step 510, the target operation torque for 
ACC is computed by correcting, according to the correction 
computed at Step 500, the target operation torque from the 
target acceleration Oa at Step 430. 
0159. At the target operation torque computing Section 
60, the target acceleration Oa is determined as a controlled 
variable for following the leading vehicle. From the target 
acceleration Oa, the target operation torque is Set. Further 
more, when Setting the target operation torque from the 
target acceleration Oa, the target acceleration Oa is not 
converted into the target operation torque, but the deviation 
between the target acceleration Oa and the actual accelera 
tion Co and its integral value are determined. Then, each of 
these parameters is multiplied by the proportionality con 
Stant and the integral constant, and the resulting products are 
Summed to determine the correction of the target operation 
torque. This corrects the target operation torque. 
0160 Therefore, at the target operation torque computing 
Section 60, it is possible to optimize the target operation 
torque necessary for following a leading vehicle in accor 
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dance with vehicle driving conditions (actual acceleration), 
to follow the leading vehicle. 
0.161 When the controlled variable has been limited to an 
upper limit value or has reached a physical limit in the 
engine or the braking device, it is determined whether 
updating the deviation integral value will cause the control 
variable to go beyond the set limit or the physical limit. If 
So, the deviation integral is not updated. 
0162. In the situation where there is an imposed limit or 
a physical limit in the engine control or brake control, an 
increase in the deviation integral value could take place in 
step 490, and then the deviation computed at step 450 could 
be changed to cause a Subsequent decrease in the controlled 
variable. However, in Such a case, the controlled variable 
cannot be decreased quickly. The present invention Solves 
this problem by preventing the renewal of the deviation 
integral value when it would cause the controlled variable to 
pass a limit (a physical limit or an imposed limit). 
0163 That is, for instance when the speed of the leading 
vehicle increases during uphill driving, the target accelera 
tion will vary toward accelerating the vehicle 9 and, accord 
ingly, the target operation torque also varies toward accel 
erating the vehicle 9. At this time, when the engine control 
variable limiting section 24 operates to limit the throttle 
angle, the vehicle 9 will fail to follow the leading vehicle. 
0.164 Under this condition, if the updating of the devia 
tion integral is not restricted, as it is in the present embodi 
ment, the integral value of the deviation between the target 
acceleration and the actual acceleration will be updated in 
Such a way to further increase the throttle angle. In this State, 
with a change of the road from uphill to downhill, the 
driving resistance will decrease and the vehicle 9 will start 
to accelerate, which will reverse the relationship of great and 
Small between the target acceleration to the actual accelera 
tion. However, Since the deviation integral value is great, 
quick deceleration of the vehicle 9 cannot be performed. 
0.165. However, if the updating of the deviation integral 
is restricted, the deviation integral value will not unneces 
Sarily increase, which reliably prevents Such problems. 

0166 A similar phenomenon arises when the control 
variable of the engine or the braking device is physically 
limited. When the engine brake is selected to decelerate the 
vehicle 9, the engine braking force is generated, for 
example, by closing the throttle Valve. At this time, if the 
actual deceleration fails to reach the target deceleration 
although the throttle valve is fully closed (i.e., at a physically 
limited value), the deviation integral will be updated in Such 
a way to exceed the physical limit by proportional integra 
tion. Therefore, for Some time after the target acceleration is 
changed to a positive State, the throttle valve is held fully 
closed (i.e., at a physically limited value), resulting in 
delayed acceleration, and the vehicle occupants will expe 
rience disturbances in the vehicle operation. 
0.167 However, such problems can be solved by restrict 
ing the updating of the deviation integral value. 
0.168. In the process shown in FIG. 8, the process of step 
410 to Step 420 corresponds to a target acceleration com 
puting means. The process of step 430 to step 510 corre 
sponds to a converting means. Furthermore, the process of 
step 440 to step 500 corresponds to a torque correction 
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computing means, and the process of step 460 to step 470 
corresponds to a deviation integration prohibiting means. 
0169. Although preferred embodiments of this invention 
have been shown and described, it should be understood that 
various changes and modifications may be made to the 
preferred embodiments without departing from the Scope of 
the following claims. 
0170 For example, in the engine ECU 20, it has been 
explained that the engine torque and the engine Speed were 
directed to the target engine torque and the target engine 
Speed by controlling the throttle valve angle. However, the 
engine control variable to be determined from the target 
engine torque and the target engine Speed may be the 
quantity of fuel injected during fuel injection. 

0171 Furthermore, in the above embodiments, to realize 
a plurality of driving controls such as ACC, VSC, ABS, etc. 
by using a Single driving control device, the manager ECU 
50 is provided with a plurality of target operation torque 
computing devices correspondingly to these controls. How 
ever, this invention is applicable to the driving control 
Section that performs specific driving control. 
0172 Furthermore, in the above embodiments compre 
hensive control of the engine 2, the automatic transmission 
4, and the braking device 6 was explained. However, this 
invention is applicable even when vehicle driving control is 
accomplished simply through engine control. 

1. A vehicle operation control device for a vehicle that 
includes an engine, a torque converter, which includes a 
lockup clutch, and a power transmission train, wherein the 
power transmission train extends between the torque con 
verter and a Set of wheels, the device comprising: 

a Sensor for detecting an operating characteristic of the 
vehicle; 

a target operation torque computing means for computing 
a target operation torque, which is a torque necessary to 
operate the vehicle in a desired condition, on the basis 
of information from the Sensor; 

a driving resistance estimating means for estimating the 
resistance of the vehicle to movement on the basis of 
information from the Sensor; 

a target output torque computing means for computing the 
output torque of the torque converter on the basis of the 
target operation torque, the estimated driving resis 
tance, and the gear ratio of the power transmission 
train; 

an engine control target computing means for computing 
a target engine torque and a target engine Speed in 
accordance with a control law, which depends on the 
State of the lockup clutch, on the basis of the target 
output torque and the output Speed of the torque 
converter, and 

an engine control means for controlling the engine So that 
the engine torque and the engine Speed will be directed 
to the target engine torque and the target engine torque, 
respectively. 

2. A vehicle driving control device according to claim 1, 
wherein the engine control target computing means com 
pr1SeS: 
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a means for computing the target engine torque and the 
target engine Speed when the lockup clutch is disen 
gaged; 

a target engine Speed computing means for computing the 
target engine Speed on the basis of the target output 
torque, the target output Speed of the torque converter, 
the torque ratio of the torque converter, and a capacity 
factor of the torque converter; 

a target engine Speed slope computing means for com 
puting a slope of variation of the target engine Speed 
computed by the target engine Speed computing means, 

a first target engine torque computing means for comput 
ing a first target engine torque on the basis of the target 
output torque of the torque converter and the target 
engine Speed; 

a Second target engine torque computing means for com 
puting a Second target engine torque on the basis of the 
slope of the target engine Speed and the inertia of 
engine rotating members, 

a third target engine torque computing means for com 
puting a third target engine torque, wherein the third 
target engine torque is based on the first target engine 
torque and the Second target engine torque and is a 
target for control of the engine, wherein the target 
output torque and the target output Speed of the torque 
converter are set as the target engine torque and the 
target engine Speed, respectively, when the lockup 
clutch is engaged. 

3. A vehicle driving control device according to claim 2, 
wherein the target engine Speed computing means is a first 
target engine Speed computing means for computing a first 
target engine Speed, and wherein the engine control target 
computing means is provided with a Second target engine 
Speed computing means for computing a Second target 
engine Speed on the basis of the output Speed of the torque 
converter and the degree of slippage of the lockup clutch 
when the lockup clutch is engaged or is held in a Semi 
engaged State by a lockup Slippage control procedure. 

4. A vehicle driving control device according to claim 1, 
wherein the engine control means computes at least one 
engine control variable, which is a target fuel injection 
quantity or a target throttle position, on the basis of the target 
engine torque and the target engine Speed and controls the 
engine in accordance with the engine control variable. 

5. A vehicle driving control device according to claim 4, 
wherein the target operation torque computing means 
includes a plurality of computing blocks for computing 
target operation torques corresponding to various different 
kinds of control procedures and Selects one of the various 
target operation torques to control the vehicle based on the 
current driving conditions in accordance with predetermined 
criteria. 

6. A vehicle driving control device according to claim 5, 
wherein the target operation torque computing means cor 
rects a newly Selected target operation torque, if there is a 
difference between an old target operation torque and the 
new target operation torque, So that a transition between the 
old target operation torque and the new target operation 
torque is Smooth. 

7. A vehicle driving control device according to claim 5, 
wherein the plurality of computing blocks include: 
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a first computing block for determining a target operation 
torque demanded by the driver on the basis of the 
position of an accelerator pedal and the Speed of the 
vehicle; and 

at least one of the following: 
a Second computing block for computing a target 

operation torque for controlling the Stability of the 
vehicle while turning, 

a third computing block for computing a target opera 
tion torque for limiting wheel slippage during brake 
application; 

a fourth computing block for computing a target opera 
tion torque for limiting wheel Slippage during accel 
eration of the vehicle; 

a fifth computing block for computing a target opera 
tion torque for operating the vehicle at a constant 
Speed; and 

a sixth computing block for computing a target opera 
tion torque for following a leading vehicle. 

8. A vehicle driving control device according to claim 7, 
wherein when the target operation torque from the first 
computing block is Selected by the target operation torque 
computing means, the target output torque computing means 
computes the target output torque of the torque converter on 
the basis of the Selected target operation torque and the gear 
ratio of the power transmission train and not the driving 
resistance. 

9. A vehicle control device according to claim 7, wherein 
the target operation torque computing means includes the 
Sixth computing block, and the Sixth computing block com 
putes a target vehicle acceleration that is necessary to follow 
the leading vehicle on the basis of information from a front 
recognition Sensor that detects the leading vehicle and 
converts the target acceleration to a target operation torque. 

10. A vehicle driving control device according to claim 9, 
wherein the Sixth computing block computes a correction for 
the operation torque on the basis of the target acceleration 
and the actual vehicle acceleration, wherein the torque 
correction is used to correct the target operation torque to 
determine a final target operation torque. 

11. A vehicle driving control device according to claim 10 
wherein the engine control variable has a limit that is 
imposed by the engine control means or that corresponds to 
a physical limit, and the Sixth computing block determines 
a deviation between the target acceleration and the actual 
acceleration of the vehicle and determines an integral value 
of the deviation, and the Sixth computing block further 
determines the Sum of products resulting from multiplying 
the deviation by a proportionality constant and from multi 
plying the deviation integral value by an integration constant 
to produce the final target operation torque, and the Sixth 
computing block prohibits the deviation integral value from 
Surpassing a value corresponding to the limit. 

12. A vehicle control device according to claim 1, wherein 
the target operation torque includes an adaptive cruise 
control computing block for computing a target operation 
torque for controlling the vehicle to follow a leading vehicle, 
and the adaptive cruise control computing block computes a 
target vehicle acceleration necessary to follow the leading 
vehicle on the basis of information from a front recognition 
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Sensor that detects the leading vehicle and converts the target 
acceleration to a target operation torque. 

13. A vehicle driving control device according to claim 
12, wherein the adaptive cruise control computing block 
computes a correction for the operation torque on the basis 
of the target acceleration and the actual vehicle acceleration, 
wherein the torque correction is used to correct the target 
operation torque to determine a final target operation torque. 

14. A vehicle driving control device according to claim 13 
wherein the engine control variable has a limit that is 
imposed by the engine control means or that corresponds to 
a physical limit, and the adaptive cruise control computing 
block determines a deviation between the target acceleration 
and the actual acceleration of the vehicle and determines an 
integral value of the deviation, and the adaptive cruise 
control computing block further determines the Sum of 
products resulting from multiplying the deviation by a 
proportionality constant and from multiplying the deviation 
integral value by an integration constant to produce the final 
target operation torque, and the adaptive cruise control 
computing block prohibits the deviation integral value from 
Surpassing a value corresponding to the limit. 

15. A vehicle operation control device for a vehicle that 
includes an engine, a torque converter, which includes a 
lockup clutch, a brake device, and a power transmission 
train, wherein the power transmission train extends between 
the torque converter and a set of wheels and wherein the 
engine and the brake device are controlled independently of 
control manipulations performed by a human driver, the 
device comprising: 

a Sensor for detecting an operating characteristic of the 
vehicle; 

a target operation torque computing means for computing 
a target operation torque, which is a torque necessary to 
operate the vehicle in a desired condition, on the basis 
of information from the Sensor; 

a driving resistance estimating means for estimating the 
resistance of the vehicle to movement on the basis of 
information from the Sensor; 

a System Selecting means for Selecting one or both of the 
engine and the braking device, wherein the Selected 
System is controlled by the vehicle operation control 
device; 

a target brake torque computing means for computing the 
target brake torque on the basis of the target operation 
torque and the estimated driving resistance when the 
braking device is Selected by the System Selecting 
means, 

a brake control means for controlling the braking device 
Such that the torque produced by the braking device 
will be directed to the target braking torque when the 
target brake torque has been computed by the target 
brake torque computing means, 

a target output torque computing means for computing the 
output torque of the torque converter on the basis of the 
target operation torque, the estimated driving resis 
tance, and the gear ratio of the power transmission train 
when the engine is Selected by the System Selecting 
means, 

an engine control target computing means for computing 
a target engine torque and a target engine Speed in 
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accordance with a control law, which depends on the 
State of the lockup clutch, on the basis of the target 
output torque and the output Speed of the torque 
converter, and 

an engine control means for controlling the engine So that, 
when the target engine torque and the target engine 
Speed are computed by the engine control target com 
puting means, the engine torque and the engine Speed 
will be directed to the target engine torque and the 
target engine Speed, respectively. 

16. A vehicle driving control device according to claim 
15, wherein the engine control target computing means 
comprises: 

a means for computing the target engine torque and the 
target engine Speed when the lockup clutch is disen 
gaged; 

a target engine Speed computing means for computing the 
target engine Speed on the basis of the target output 
torque, the target output Speed of the torque converter, 
the torque ratio of the torque converter, and a capacity 
factor of the torque converter; 

a target engine Speed slope computing means for com 
puting a slope of variation of the target engine Speed 
computed by the target engine Speed computing means, 

a first target engine torque computing means for comput 
ing a first target engine torque on the basis of the target 
output torque of the torque converter and the target 
engine Speed, 

a Second target engine torque computing means for com 
puting a Second target engine torque on the basis of the 
slope of the target engine Speed and the inertia of 
engine rotating members, 

a third target engine torque computing means for com 
puting a third target engine torque, wherein the third 
target engine torque is based on the first target engine 
torque and the Second target engine torque and is a 
target for control of the engine, wherein the target 
output torque and the target output Speed of the torque 
converter are Set as the target engine torque and the 
target engine Speed, respectively, when the lockup 
clutch is engaged. 

17. A vehicle driving control device according to claim 
16, wherein the target engine Speed computing means is a 
first target engine Speed computing means for computing a 
first target engine Speed, and wherein the engine control 
target computing means is provided with a Second target 
engine Speed computing means for computing a Second 
target engine Speed on the basis of the output Speed of the 
torque converter and the degree of Slippage of the lockup 
clutch when the lockup clutch is engaged or is held in a 
Semi-engaged State by a lockup slippage control procedure. 

18. A vehicle driving control device according to claim 
15, wherein the engine control means computes at least one 
engine control variable, which is a target fuel injection 
quantity or a target throttle position, on the basis of the target 
engine torque and the target engine Speed and controls the 
engine in accordance with the engine control variable. 

19. A vehicle driving control device according to claim 
18, wherein the target operation torque computing means 
includes a plurality of computing blocks for computing 
target operation torques corresponding to various different 
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kinds of control procedures and Selects one of the various 
target operation torques to control the vehicle based on the 
current driving conditions in accordance with predetermined 
criteria. 

20. A vehicle driving control device according to claim 
19, wherein the target operation torque computing means 
corrects a newly Selected target operation torque, if there is 
a difference between an old target operation torque and the 
new target operation torque, So that a transition between the 
old target operation torque and the new target operation 
torque is Smooth. 

21. A vehicle driving control device according to claim 
19, wherein the target operation torque computing means 
includes: 

a first computing block for determining a target operation 
torque demanded by the driver on the basis of the 
position of an accelerator pedal and the Speed of the 
Vehicle; and 

at least one of the following: 
a Second computing block for computing a target 

operation torque for controlling the Stability of the 
vehicle while turning, 

a third computing block for computing a target opera 
tion torque for limiting wheel slippage during brake 
application; 

a fourth computing block for computing a target opera 
tion torque for limiting wheel Slippage during accel 
eration of the vehicle; 

a fifth computing block for computing a target opera 
tion torque for operating the vehicle at a constant 
Speed; and 

a sixth computing block for computing a target opera 
tion torque for following a leading vehicle. 

22. A vehicle driving control device according to claim 
21, wherein when the target operation torque from the first 
computing block is Selected by the target operation torque 
computing means, the target output torque computing means 
computes the target output torque of the torque converter on 
the basis of the Selected target operation torque and the gear 
ratio of the power transmission train and not the driving 
resistance. 

23. A vehicle control device according to claim 21, 
wherein the target operation torque computing means 
includes the Sixth computing block, and the Sixth computing 
block computes a target vehicle acceleration that is neces 
sary to follow the leading vehicle on the basis of information 
from a front recognition Sensor that detects the leading 
vehicle and converts the target acceleration to a target 
operation torque. 

24. A vehicle driving control device according to claim 
23, wherein the Sixth computing block computes a correc 
tion for the operation torque on the basis of the target 
acceleration and the actual vehicle acceleration, wherein the 
torque correction is used to correct the target operation 
torque to determine a final target operation torque. 

25. A vehicle driving control device according to claim 24 
wherein the engine control variable has a limit that is 
imposed by the engine control means or that corresponds to 
a physical limit, and the Sixth computing block determines 
a deviation between the target acceleration and the actual 
acceleration of the vehicle and determines an integral value 
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of the deviation, and the Sixth computing block further 
determines the Sum of products resulting from multiplying 
the deviation by a proportionality constant and from multi 
plying the deviation integral value by an integration constant 
to produce the final target operation torque, and the Sixth 
computing block prohibits the deviation integral value from 
Surpassing a value that corresponds to the limit. 

26. A vehicle driving control device according to claim 24 
wherein the brake control means computes a brake control 
variable for controlling the braking device, and the brake 
control variable has a limit that is imposed by the brake 
control means or that corresponds to a physical limit of the 
braking device, and the Sixth computing block determines a 
deviation between the target acceleration and the actual 
acceleration of the vehicle and determines an integral value 
of the deviation, and the Sixth computing block further 
determines the Sum of products resulting from multiplying 
the deviation by a proportionality constant and from multi 
plying the deviation integral value by an integration constant 
to produce the final target operation torque, and the Sixth 
computing block prohibits the deviation integral value from 
Surpassing a value that corresponds to the limit. 

27. A vehicle control device according to claim 15, 
wherein the target operation torque includes an adaptive 
cruise control computing block for computing a target 
operation torque for controlling the vehicle to follow a 
leading vehicle, and the adaptive cruise control computing 
block computes a target vehicle acceleration necessary to 
follow the leading vehicle on the basis of information from 
a front recognition Sensor that detects the leading vehicle 
and converts the target acceleration to a target operation 
torque. 

28. A vehicle driving control device according to claim 
27, wherein the adaptive cruise control computing block 
computes a correction for the operation torque on the basis 
of the target acceleration and the actual vehicle acceleration, 
wherein the torque correction is used to correct the target 
operation torque to determine a final target operation torque. 

29. A vehicle driving control device according to claim 28 
wherein the engine control variable has a limit that is 
imposed by the engine control means or that corresponds to 
a physical limit, and the adaptive cruise control computing 
block determines a deviation between the target acceleration 
and the actual acceleration of the vehicle and determines an 
integral value of the deviation, and the adaptive cruise 
control computing block further determines the Sum of 
products resulting from multiplying the deviation by a 
proportionality constant and from multiplying the deviation 
integral value by an integration constant to produce the final 
target operation torque, and the adaptive cruise control 
computing block prohibits the deviation integral value from 
exceeding a value corresponding to the limit on the engine 
control variable imposed by the engine control means and 
from exceeding a value corresponding to the physical limit. 

30. A vehicle driving control device according to claim 28 
wherein the brake control means computes a brake control 
variable for controlling the braking device, and the brake 
control variable has a limit that is imposed by the brake 
control means or that corresponds to a physical limit of the 
braking device, and the adaptive cruise control computing 
block determines a deviation between the target acceleration 
and the actual acceleration of the vehicle and determines an 
integral value of the deviation, and the adaptive cruise 
control computing block further determines the Sum of 
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products resulting from multiplying the deviation by a 
proportionality constant and from multiplying the deviation 
integral value by an integration constant to produce the final 
target operation torque, and the adaptive cruise control 
computing block prohibits the deviation integral value from 
exceeding a value corresponding to the limit on the brake 
control variable imposed by the brake control means and 
from exceeding a value corresponding to the physical limit. 

31. A method of controlling a vehicle comprising: 
computing a target operation torque, which is a torque 

necessary to operate the vehicle in a desired condition, 
on the basis of information from a Sensor; 

estimating the resistance of the vehicle to movement on 
the basis of information from the sensor; 

computing the output torque of the torque converter on 
the basis of the target operation torque, the estimated 
driving resistance, and a gear ratio of a power trans 
mission train of the vehicle; 

computing a target engine torque and a target engine 
Speed in accordance with a control law, which depends 
on the State of a lockup clutch, on the basis of the target 
output torque and the output Speed of the torque 
converter, and 

controlling the engine So that the engine torque and the 
engine Speed will be directed to the target engine torque 
and the target engine torque, respectively. 

32. A method for controlling a vehicle according to claim 
31, including computing a plurality of target operation 
torques corresponding to various different control proce 
dures and Selecting one of the target operation torques to 
control the vehicle based on the current driving conditions in 
accordance with predetermined criteria. 

33. A method for controlling a vehicle according to claim 
31, wherein the method includes a procedure for causing the 
vehicle to follow another, leading vehicle, and the procedure 
includes: 

computing a target acceleration necessary for following 
the leading vehicle on the basis of information from a 
front recognition Sensor for detecting the leading 
Vehicle; and 

computing the target operation torque based on the com 
puted target acceleration. 

34. A method for controlling a vehicle according to claim 
33, wherein the procedure includes: 

generating a control variable for controlling the vehicle; 
determining a deviation between the target acceleration 

and the actual acceleration of the vehicle; 
multiplying the deviation by a proportionality constant; 
determining an integral value of the deviation; 
multiplying the integral value by an integral constant, 
Summing the results of the multiplications to determine a 

correction amount, and 
correcting the target operation torque with the correction 

amount to generate a final target operation torque, 
which is used to control the vehicle. 


